This 
INTRODUCTION
The biologically inspired engineering studies biological structures intending to find solutions for engineering problems (Zhang et al., 2015) . Examples include the Particle Swarm Optimization Algorithm (Santos and Maciel, 2014) , the control of exoskeletons using principles found in biomechanics (Jimnez-Fabin and Verlinden, 2012) and neuronal circuits (Endo et al., 2015) . Recent works analyzed neural signals (Jegadeesan et al., 2015) trying to identify patterns and connections inside the nervous system (Subramaniam et al., 2015) . They analyzed signals from neural experiments which are records from the neuronal responses due to some specific stimulus or situations (Birmingham et al., 2014) .
This paper presents the analysis of signals collected on experiments with desert locust neurons. The experiments were made by stimulating the insect lag with a forceps that was shaken by a Gaussian White Noise (GWN). Figure 1 shows the signal analysis schematic and presents a sample of the recorded signals. The data analyzed come from a large and multivariate neurobiological data set obtained from a neural insect network (Newland and Kondoh, 1997) . This network produces and controls the movements of the desert locust hind leg (Angarita-Jaimes et al., 2012) . Specifically, the data analyzed here were collected on the Femorotibial Chordotonal Organ (FeCO). FeCO is a proprioceptor that detects movements from the tibia relative to the femur of a desert locust hind leg (Burrows et al., 1988) , and its behavior is equivalent to others found in more complex structures (VidalGadea et al., 2010) .
Previous studies investigated neuronal structure models in the FeCO data (Maciel et al., 2012) . They also investigated characteristics of the signal transmission channel (Endo et al., 2015) . While doing these experiments, transfer entropy measurements (Schreiber, 2000) suggested the existence of different kinds of FeCO. Transfer entropy is an information-theoretic measurement, which allows to detect non-linearity (Nichols et al., 2005) , establish causal relationships (Barnett et al., 2009) , and also find interaction delays between signals (Pampu et al., 2013) . Some curves obtained from these measurements showed different FeCO responses and pointed the possible existence of different groups of neurons. Those curves motivated this investigation about how many kinds of FeCO neurons exist.
In order to investigate different FeCO responses we combined two analyzes: transfer entropy and the Inter-Spike Interval (ISI) (Schwalger et al., 2015) . Classically, ISI measures the amount of time spent between spikes, trying to find a probability distribution for them (Chen et al., 2009 ). However, this study uses ISI measurements to determine parameters to classify the FeCO in different groups of neurons. The pa-
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Figure 1: Schematic of the signal analysis presenting the collected signals (bottom) and their interaction (top). In the experiment, a Gaussian Withe Noise (GWN) with a bandwidth of 200Hz passed trough a low-pass filter with cutoff frequency manually adjusted to 27Hz or 58Hz. The filtered signal shook a forceps that moved the locust leg stimulating its nervous system. The FeCO signal is the neuronal response to the excitation, and it is also a spiking signal. This diagram is the primary assumption, which considers only one kind of FeCO.
rameters found are used in a statistical representation, which uses survival functions (Lawless, 2011) to assemble FeCO models. Survival Analysis aims to explore the behavior of sets of individuals according to the time interval necessary for an event to happen (Collett, 2003) . Examples include a system failure (Achcar and Moala, 2015) or a patient longevity (MacKenzie et al., 2014) . The survival technique also analyzes data from remission time (Cabrero et al., 2015) , which is the time spent between two occurrences of an event (Bewick et al., 2004) . ISI is the time spent between two spikes (two occurrences), and it is possible to use survival functions to create FeCO models.
The study goal is to investigate whether the FeCO response rates would change under the same stimulation. For that, we analyzed FeCO signals recorded during two different experiments: one applying a GWN stimulation limited to 27Hz; and another limited to 58Hz. To perform the analysis, we used ISI technique and statistical treatments as a criterion to divide and classify the signals into different groups.
We also used transfer entropy to reinforce our assumption about the existence of different kinds of FeCO and investigate the differences between the groups found. Finding different types of FeCO, the diagram in Figure 1 will need to be changed. This study will be useful then to check if the diagram from Figure 1 is sufficient to represent the FeCO neuronal structure or if a more complex model is required.
Furthermore, using the two analyzes, ISI and transfer entropy, it is possible to identify different kinds of FeCO neurons. Additionally, next section will present the survival analysis and transfer entropy theories. They are followed by the methodology section that describes the experiment. Also, the results section will present the FeCO analysis, followed by the conclusion and next steps.
THEORY
This section presents the theories used to analyze the FeCO data, and assemble the models created, respectively Transfer Entropy, and Survival Analysis.
Transfer Entropy
We used the property of transfer entropy detect time delays (Pampu et al., 2013) as a reference measure to check the algorithms consistency by calculating the propagation time between the signals 200Hz and 27Hz. We also used it to look for dependencies between FeCO and 27Hz signals. Additionally, it will be used to reinforce our assumption of different kinds of FeCO.
Transfer entropy has significant properties. The first one is that it indicates the shared information between two random variables, making possible to determine connections and dependencies (Runge et al., 2012) . A second one is that transfer entropy uses a time lag to introduce directional sense (Schreiber, 2000) , causal sense (Wibral et al., 2012) and find time-delays (Ito et al., 2011) . These properties make it similar to time-delayed mutual information (Jin et al., 2010) . However, time-delayed mutual information does not distinguish information exchanged from shared information, while transfer entropy does (Schreiber, 2000) .
Transfer entropy (Vicente et al., 2011 ) is defined as follows by
Survival Analysis
A survival time variable (T) is a non-negative random variable representing the time until an event occurs (Klein and Moeschberger, 2003) . If f(t) represents T probability density function, and F(t) represents its cumulative distribution function, then the survival function (S(t)) is defined as follows:
which represents the probability of an event do not occur during time t.
Another concept related to the survival variable T is the hazard function h(t) defined as:
The function h(t) represents the instantaneous rate of a given event occurs at time t (Klein and Moeschberger, 2003) . For ∆t → 0,
and using the conditional probability rule (Walpole et al., 2014) we can rewrite (3),
In the experiments, the excitation signals had a constant bandwidth, hence we considered that the spike rate is also constant. Consequently, the hazard function is also constant, and in this case, it is possible to use an exponential distribution,
with survival function
where λ is the spike rate (spikes/ms), and µ is the distribution mean (ms/spike) (Harrell, 2013) . To obtain the exponential models for the data sets, we sampled the time between spikes (ISI), and calculated a mean time between spikes (MTBS -µ) on each one of the signals.
MATERIALS AND METHODS
The experiments used thirty five adult desert locusts, Schistocerca gregaria (Forskål), male and female, arranged ventral-side-uppermost in modeling clay. By cutting a piece of cuticle in their anterior distal femur, the FeCO apodeme was exposed and gripped by a forceps attached to a shaker (Ling Altec 101). A small window opened in their ventral thorax exposed the metathoracic ganglion that was immobilized on a wax covered with a silver platform. The sheath was treated with protease (Sigma type XIV) for 1 min before recording. After that, microelectrodes filled with potassium acetate and with DC resistances of 50-80 MΩ were driven through the sheath. They entered into the neuropilar processes of the nonspiking local interneurons, the axons of sensory neurons, or the somata of spiking local interneurons. Intracellular recordings were made using an Axoclamp 2A amplifier (Axon Instruments, USA).
A GWN signal shook the forceps. The GWN was produced by filtering a pseudo random binary sequence (CG-742, NF Circuit Design Block) bandlimited to 27Hz or 58Hz with low-pass filters (SR-4BL, NF Circuit Design Block) with a decay of 24 dB/octave. This generated a signal with a Gaussian probability density function in the bandwidth of interest. The signal vibrated the forceps holding the apodeme, stimulating and evoking the interneurons responses, as shown in Figure 2 . The signals were stored on magnetic tape using a PCM-DAT data recorder (RD-101 T, TEAC, Japan) and then sampled at a rate of 10 kHz offline to a computer. 
RESULTS
This section presents the ISI Analysis on 27Hz, and 58Hz signals, and transfer entropy measurements in the 27Hz signals.
ISI Analysis Experiment with 27Hz Signals
The MTBS on each one of the 27Hz signals were measured, and their confidence intervals were calculated. Table 1 shows the results after processing the 27Hz data set, calculating the MTBS and confidence intervals considering an α = 5% for all 25 samples. Figure 3 . These gaps point to the existence of two groups, i.e., two different neuronal responses rates.
Since samples 1 and 2 confidence intervals are disconnected, we performed a hypothesis test comparing the MTBS, testing if there are two or three groups of neurons (Walpole et al., 2014) . The tests assumed a t statistic with an α = 5%, and followed the hypothesis
The hypothesis H 0 indicates that the MTBS measured (µ i ) is equal to the group mean (µ), while the hypothesis H 1 indicates the opposite. The hypothesis H 0 was accepted with a significance level α = 5% for all MTBS inside each group.
Experiment with 58Hz Signals
The time between each spike on the 58Hz signals was measured in order to calculate the MTBS and their confidence intervals. Table 2 shows the results after processing all the 58Hz data set, calculating the MTBS and confidence intervals considering an α = 5%.
From Table 2 , it is possible to see that the samples confidence intervals cannot be separated. This suggests only one group of neurons in the 58Hz data. This is reinforced by Figure 4 that shows the histogram of MTBS. To assure this assumption, a hypothesis test (Equation 8) for the MTBS was made with an α = 5%. As a result, the hypothesis H 0 was accepted for all MTBS (µ i ).
A consideration must be made for the 58Hz experiment, since its results opposed to the ones presented in Figure 3 . The number of samples in the 58Hz experiment is the same of the first group found in the 27Hz experiment; thence it is possible that the 58Hz experiment only recorded signals from the first group. However, it is known that there are nonlinear components in the desert locust neuronal system (Dewhirst et al., 2013) . This implies that the output signal could present an entirely different response once that the input excitation is changed. Time ( 
Transfer Entropy
After making ISI analyzes and find evidences of two possible kinds of neuronal response in the 27Hz data set, we made transfer entropy measurements for the signals inside the 27Hz experiment. The filter used adds a fixed and well known time delay for a given cutoff frequency f c (Manal and Rose, 2007) . The equation for the time delay is given by
and since f c was 27Hz, it is expected that transfer entropy presents a 15.41ms delay between 200Hz and 27Hz signals. Figure 5 shows that the time-delay found is close to the expected. We calculated transfer entropy between 27Hz and FeCO signals in the first group, which is presented in Figure 6 . It is important to note that the graph shows two maximum points.
We also calculated transfer entropy between 27Hz and FeCO signals in the second group. Figure 7 presents the results and points three time-delays. Figure 6 differs from Figure 7 in the number of time-delays found. The first figure presents two maximum points: one at 16.04 ms, and another at 32.96 ms. The second presents three maximums: one at 13.40 ms, other at 24.20 ms, and another at 44.80 ms.
FeCO Survival Models
We found two groups of neurons in the 27Hz experiment and one group in the 58Hz. Using MTBS it is possible to construct models representing their response due to a fixed excitation. Thence, it is considered the Survival models for that construction.
Considering that the distribution mean is the mean of the group, we calculated confidence intervals with an α = 5% for each group mean, as shown in Table 3 . Figure 8 presents a graphic visualization, and it is possible to notice that there is no common region either for the functions or their confidence intervals. In the 58Hz experiment we found only one neuronal response rate. Considering that the distribution mean is the group mean, we calculated a confidence interval with an α = 5% for the group, as shown in Table 4 . 
FeCO Model
Results pointed two different neuronal responses, which brings two possibilities. The first one is that it happens because there are two different FeCO structures. The second is that it happens because of the neuronal configuration. Figure 10 presents three hypothetical neuronal configurations. The structures from Figure 10 are only suggestions for the neuronal circuit configuration, which need deeper investigations to confirm. The first configuration assumes two different kinds of FeCO, and they receive direct influence from the excitation signal. The second and the third configurations can assume two distinct kinds of FeCO or only just two different response rates given by the same kind of FeCO with different configurations. Both, third and second configurations, suggest a model organized in layers where there is a preprocessing process.
CONCLUSION
In this paper, we used two analyzes to investigate different neuronal responses due to the same excitation. We analyzed signals from the desert locust metathoracic ganglion. Specifically we looked at the data from the Desert Locust Femorotibial Chordotonal Organ, which is a spiking neuron. The diagram shown in Figure 1 was the simplest representation possible for the FeCo experiment, ignoring the existence of any other kind of FeCO neurons. Figure 1 presented a diagram connecting the 200Hz signals to the 27Hz signals, and then 27Hz to FeCO, and does not consider any other influences, such as other neurons. However, here we pointed evidence that suggest the existence of different kinds of FeCO neurons. These findings show that it is possible to obtain different response rates for FeCO neurons even when they receive the same stimulation. Therefore, it implies that there is a different connection than the one presented in Figure 1 .
Our assumption of a different connection than the one showed in Figure 1 is supported by three different analyses. The histograms of MTBS from Figure  3 pointed the existence of different neurons using the ISI technique, and statistical hypothesis tests supports these results. The survival models also showed two different curves with non-overlapping confidence intervals. Additionally, Figure 6 and Figure 7 shows two different responses for each group using the transfer entropy technique.
All these measurements and tests point the existence of more than one kind of FeCO neuron. A consideration must be made for the 58Hz signals since they presented only one group, a result different than the one showed for 27Hz signals. It is known that there are nonlinear components inside the neuronal system (Dewhirst et al., 2013) , and this implies that the output response could be entirely different once the input excitation is changed.
We know that the algorithms for transfer entropy are correct because of the reference measurement presented in Figure 5 . A closer look at Figure 7 indicates that it presents one more maximum point than Figure  6 . By comparing the responses of Figure 6 and Figure  7 we made new assumptions about the connections inside the FeCO, they are presented in Figure 10 .
The assumptions presented in Figure 10 suggest two particular cases. The first one with a structure where there are no influence or iterations between the two kinds of FeCO. The second case is that there is an interaction between them. This case is supported by Figure 7 that presents one more maximum point than Figure 6 , indicating a model organized in layers.
Those three possible structures shown in Figure  10 are not the only possible configuration for the neuronal system; the locust may have a complex structure. Future works are required to determine the best connections and the best structure. Therefore, this is our next steps when we intend to investigate the best structure model using Dynamical Bayesian Networks (Meyer-Baese and Schmid, 2014) .
Moreover, this analysis indicates that the FeCO neuronal connection structure is more complex than the one presented in Figure 1 . Additionally, we presented models based on survival functions for the FeCO response. Those models can also be used to perform simulations in future works.
